The present study describes PCR assay to detect bacterial spot caused by Xanthomonas campestris pv. vesicatoria in pepper and tomato. One set of PCR primer was developed to amplify gene required for an rhs family gene homologous to rhsA, cell envelope biogenesis, outer membrane. Only a PCR product of a 517 bp was produced in PCR reaction with the Xanthomonas campestris pv. vesicatoria (XCVF/ XCVR) primer set. A specific, and highly sensitive and rapid PCR assay for the detection of X. campestris pv. vesicatoria was achieved. The protocol can be used as a reliable diagnostic tool for specific detection of X. campestris pv. vesicatoria in pepper or tomato.
Sensitive and specific detection of Xanthomonas campestris pv. vesicatoria by PCR using pathovar-specific primers based on rhs family gene sequences The Gram-negative bacterium Xanthomonas campestris pv. vesicatoria (Xcv) is the causal agent of bacterial spot of pepper and tomato. This disease occurs in many countries throughout the world and is of great economic importance in regions with a warm and humid climate (Jones et al., 1998) . The primary symptoms are necrotic lesions that occur on leaves, stems, fruits, and flower parts (Stall, 1995 conventional techniques is often difficult, usually due to the masking effect of fast-growing, yellowpigmented bacteria. Biochemical tests (Vera Cruz et al., 1984) , serological assays (Doorn et al., 1999) , fatty acids, and metabolic profiling (Chase et al., 1992; Jones et al., 1993) have been used in the identification of the pathogens. As an alternative method, DNA markers useful in DNA hybridization have effectively been employed for sensitive detection and identification of plant pathogenic bacteria (Hartung et al., 1993; Park et al., 2004) . Immunological techniques, such as the enzyme-linked immunosorbent assay, and flow cytometry are also effective, but relatively time-consuming than PCRbased sensitive assay (Alvarez and Lou, 1985; Chitarra et al., 2002) .
Development of specific primers and DNA probes for identification and detection has been reported for a number of plant pathogenic bacteria including xanthomonads (Rasmussen and Reeves, 1992; Hartung et al., 1993; Leite et al., 1994; Sakthivel et al., 2001; Park et al., 2004 Park et al., , 2006a . Particularly, Kuflu and Cuppels (1997) developed DNA probe for xanthomonads causing bacterial spot of peppers and tomatoes by southern hybridization method. This diagnosis method is considered to be reliable and efficient method for routine detection of this pathogen. However, southern hybridization is not a reliable method in comparison to PCR as it takes 3 days to 1 week to detect the pathogen.
The rhs family gene is well characterized and sequenced completely in Escherichia coli K-12 due to high degree of sequence conservation maintained among its members (Sadosky et al., 1991) . However, BLAST search using the nucleotide sequences of this rhs family gene, which are deposited in GenBank database, found sequence divergence at pathovar level. Recently, the rhs family gene-based PCR method has been reported as a useful tool for identifying Pectobacterium atrosepticum at species level (Park et al., 2006a) . To date, there is no report of such primers for specific detection of X. campestris pv. vesicatoria. Therefore, in this study, pathovar-specific primers from the rhs family gene of X. campestris pv. vesicatoria were designed. The primer set showed high sensitivity and specificity for detecting the pathogen in leaves of red pepper. 
Material and methods

Bacterial strains and culture conditions
Isolation of total DNA
Xanthomonas strains were cultured on YGC medium and harvested with a scraper for total DNA extraction. Total DNA from Xanthomonas strains was prepared as described (Lazo and Gabriel, 1987) . Total DNA from other microorganisms was extracted using the genomic DNA extraction kit (Genomic-tips) supplied by QIAGEN TM (Hilden, Germany).
Primer design and PCR amplification
The primers XCVF 5 0 -agaagcagtccttgaaggca-3 0 and XCVR (5 0 -aatgacctcgccagttgagt-3 0 ) were designed from Rhs family protein of X. campestris pv. vesicatoria str. 85-10 (GenBank Accession No. AM039952, GI78048271), with a predicted PCR product of 517 bp. PCR assays were performed with a PTC-225 TM thermocycler (MJ Research, Watertown, MA, USA). All amplifications were carried out in a final volume of 50 ml containing 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl 2 , 0.01% gelatin, 0.2 mM of each dNTP, 10 pM of each primer, and 2 units of Taq polymerase (Promega TM , Madison, Wisconsin, USA). The total amount of genomic DNA from various microorganisms added to the PCR mixture was approximately 50 ng. Reactions were run for 25 cycles, each consisting of 60 s at 94 1C, 30 s at 58 1C, and 60 s at 72 1C, with initial denaturation of 5 min at 94 1C and final extension of 10 min at 72 1C. An 8-ml aliquot of each amplified PCR product was electrophoresed on a 1.0% agarose gel, stained with ethidium bromide, and visualized on a UV transilluminator.
DNA dot-blot analysis
DNA dot-blot analysis was carried out to confirm whether the Rhs family protein was present in other microorganisms including xanthomonads used in this study. A 100-ng sample of genomic DNA isolated from Xanthomonas strains and other reference microorganisms was spotted onto Hybond-N+ nylon membrane (Amersham Pharmacia Biotech, UK). These were fix DNA on membrane to bind the labeled probe DNA. PCR product from X. campestris pv. vesicatoria KACC 11153 was labeled as probe with [ 32 P]dCTP using the random primed method according to the manufacturer's instructions (Ladderman TM Labeling kit, Takara, Japan). Prehybridization and hybridization were conducted in hybridization buffer (0.75 M NaCl, 75 mM sodium citrate, 0.5% SDS, 0.1% BSA, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, and 50 mg/ ml denatured salmon sperm DNA) at 65 1C for 18 h. After hybridization, the filter was washed twice (10 min each) in 2 Â SSC containing 0.1% SDS at room temperature and twice (15 min each) in 0.1 Â SSC containing 0.1% SDS at 65 1C. Autoradiography was done at À70 1C with CURIX X-ray film (AGFA, Belgium).
Detection of the pathogen by PCR in inoculated red pepper
To detect X. campestris pv. vesicatoria in infected leaves of red pepper, inoculated leaves and healthy leaves were obtained from green houses in Suwon, Republic of Korea. All the processes for plant inoculation were conducted as described (Sahin and Miller, 1998) . One gram of infected and healthy leaves was sampled with sterile scissors and total DNA was directly extracted from sample by the CTAB method (Murray and Thompson, 1980) . Isolated DNA from the plants was used in PCR assays as abovedescribed methods. 
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Universal rice primers (URP) and PCR amplification
The URP-PCR uses long primers (20 nucleotides) and highly stringent PCR conditions in contrast to randomly amplified polymorphic DNA and arbitrary primer-PCR techniques (Kang et al., 2002) . To confirm whether six strains used in this study are X. campestris pv. vesicatoria, the PCR reactions using URP2F primer were performed in a 50 ml PCR mixture containing 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2, 0.01% gelatin, 200 mM of each dNTP, 200 ng primer, and 2.5 unit Taq polymerase (Promega). The total amount of genomic DNA added to the PCR mixture was approximately 50 ng.
Results
Specificity of primers
The 20-mer oligonucleotide XCVF and XCVR were tested for X. campestris pv. vesicatoria. As expected, a 517 bp DNA fragment was amplified from all six strains of X. campestris pv. vesicatoria strains. To check the specificity of the primers, a large collection of other microorganisms, including Xanthomonas species and their pathovars, were tested in PCR assay with primers XCVF and XCVR. However, none of the other Xanthomonas strains and reference microorganisms reacted with this primer pair (Fig. 1) . Similar conditions yielded reproducible results in the Perkin Elmer 9600 thermal cyclers (Perkin Elmer International, Rotkreuz). Taq polymerase enzymes supplied by different manufacturers (Promega, Takara, and Toyobo) also yielded similar PCR results.
The PCR using URP primer2F amplified all six strains of X. campestris pv. vesicatoria showing same amplified fragments pattern. Furthermore, this primer distinguished X. campestris pv. vesicatoria strains apparently from X. axonopodis pv.
vesicatoria strains (Fig. 4) . This observation further confirms that XCVF and XCVR primer pair is specific to only X. campestris pv. vesicatoria.
DNA dot-blot analysis
The presence of rhs family gene homolog in Xanthomonas strains was confirmed by dot-blot analysis. X. campestris pv. vesicatoria strains showed high hybridized signal to the probe (Fig. 2) . Other Xanthomonas strains showed negative results in the dot-blot analysis suggesting that the rhs family gene might be highly variable in this genus. Other pathogens used in this study also showed negative signal to rhs family gene probe. This result revealed that rhs family gene did not exist or share substantial homology with other bacteria and fungi.
PCR detection of the pathogen in inoculated red pepper
This primer pair was also able to detect the pathogen by PCR in infected red pepper. Fig. 3 shows a PCR assay of infected red pepper. As expected, a 517 bp DNA fragment of the pathogen was amplified by PCR assay from the infected red pepper leaves. On the other hand, no single DNA fragment was amplified from healthy red pepper leaves by PCR (Fig. 4) .
Discussion
Development of specific primers and DNA probes for identification and detection has been reported for a number of plant pathogenic bacteria (Rasmussen and Reeves, 1992; Hartung et al., 1993; Leite et al., 1994; Sakthivel et al., 2001; Park et al., 2004 Park et al., , 2006a including xanthomonads. In this study, the primer pair prepared from the nucleotide sequences of rhs family gene was found Table 1. to be useful for specific detection of X. campestris pv. vesicatoria with PCR assay. In E. coli K-12, the rhs elements fall into two subfamilies on the basis of the degree of core sequence similarity. The rhsA core, representative of the rhsABC subfamily, diverges by 22% from the rhsD core, representative of the rhsDE subfamily (Sadosky et al., 1991) . The rhs family gene of xanthomonads was analyzed by blast search and found to be highly variable among pathovars (data not shown). axonopodis pv. citri, 38% similar to that of X. campestris pv. campestris, 60.3% similar to that of X. campestris pv. oryzae, and 20.4% similar to that of E. coli K-12. This analysis revealed that nucleotide sequences of the rhs family gene are highly variable among gram-negative plant pathogenic bacteria such as Xanthomonas and Pseudomonas.
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It is noteworthy that X. campestris pv. vesicatoria and X. axonopodis pv. vesicatoria are not easily distinguishable from each other as both are pathogenic to pepper and tomato causing same bacterial spot disease. Stall et al. (1994) determined that these two pathogens are genetically and phenotypically different from each other. However, specific primers, which can be used for distinguishing these two pathogens, are still lacking. In this study, the findings of specificity of XCVF and XCVR primers only for X. campestris pv. vesicatoria indicated that this primer pair can be used as a rapid tool for identification and detection of this pathogen.
Successful detection of the pathogens using PCR techniques depends upon the specificity of primers. In this study, the specificity and sensitivity of PCR assays were evaluated through the detection of the pathogen in artificially infected red pepper. PCR conditions such as primers, template, concentration of Mg 2+ (Bassam et al., 1992) , thermocyclers, and thermostable polymerase origin (Schierwater and Ender, 1993) have been shown to affect amplification. In this study, all these parameters were optimized to avoid artifacts and to ensure reproducibility of amplification. Consistent results of amplification of a 517 bp fragment from X. campestris pv. vesicatoria by XCVF and XCVR were also obtained by using various PCR machines and different Taq polymerase enzymes supplied by various manufacturers.
In conclusion, the results presented here indicate that only X. campestris pv. vesicatoria can be detected and identified by PCR assays with XCVF and XCVR primer set.
